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Abstract
An urban population in a township in south India was
screened for diabetes with an oral glucose tolerance
test, every fifth person aged 20 and over registered
at the local iron ore company's hospital being
screened. Of 678 people (346 men and 332 women)
who were tested, 34 (5%; 20 men and 14 women) had
diabetes and 14 (2%; 8 men and 7 women) had
impaired glucose tolerance. Thirteen subjects were
already known to be diabetic. Diabetes was present
in 21% (37/179) of people aged over 40. The peak
prevalence (41%; 7/17) was in the group aged 55464.
A family history of diabetes was present in 16 of the
34 subjects with diabetes and nine of the 15 with
impaired glucose tolerance. Diabetes was signifi-
cantly related to obesity in women but not in
men (57% (8/14) v 5% (1/20)). The plasma glucose
concentration two hours after glucose loading was
correlated to body mass index, age, and income in
both sexes. The prevalence of diabetes was signifi-
candy higher in subjects whose income was above
the mean.
When the overali prevalence of diabetes was ad-

justed to the age distribution of the Indians living in
Southail, London, and in Fiji it increased to 10%
and 90/o, respectively. The prevalence of diabetes is
high among urban Indians and is comparable with
the high prevalence seen in migrant Indian popu-
lations.

Introduction
The prevalence of diabetes varies in different

populations. A high prevalence has been reported in
migrant Indians in South Africa, Fiji, Trinidad, Singa-
pore, and Southall (London).'-5 The prevalence in
Indians in India was believed to be low,6 but a recent
survey in Darya Ganj (New Delhi) showed that the
prevalence of known diabetes was not different from
that seen in Indians in Southall.'I The surveys were
based on questionnaires, not on results of tests; hence
they probably underestimated the actual prevalence of
diabetes. We used glucose tolerance tests to determine
the prevalence of diabetes in a population in south
India.

Patients and methods
The survey population came from a township in

Kudremukh, Chicmagalur district Karnataka, south
India. The population of the township includes several
hundred executives and skilled and unskilled workers
employed by the Kudremukh Iron Ore Company.
They and their families are given free medical care in
the hospital attached to the company. The staple food
of the people is rice. We selected this area for study
because population based data could be obtained from

the hospital register and the population was relatively
stable.
Of the 4619 people registered at the hospital, 3314

were aged 20 and above; they were defined as the target
population. A letter requesting participation in the
study was written to every fifth person (selected from
the registration numbers on the computer list). The
overall response was good because ofthe well organised
health scheme for the community and the close rapport
between physicians and the families. The defaulters
(less than 1% after three requests) were replaced by the
person having the next number on the computer
list. The sample was representative of the overall
population.

Subjects came to the hospital at 8 am after an
overnight fast, and a fasting sample of venous blood
was taken for estimation of plasma glucose and serum
cholesterol concentrations. Then 75 g glucose was
given orally in 200 ml water, and blood samples were
collected after one and two hours. (This glucose
tolerance test was not performed if the subject was
known to be diabetic and receiving treatment.) During
the time between sampling, height, weight, the family
history of diabetes, and family income were ascer-
tained.

Glucose tolerance was classified according to the
criteria in a report of the World Health Organisation's
study group.8 Diabetes was diagnosed if the con-
centration of glucose in fasting venous plasma was
¢7 8 mmol/l or if the concentration of glucose in
venous plasma two hours after the glucose loading was
¢ 11 1 mmol/l, or both. Impaired glucose tolerance
was diagnosed if the plasma glucose concentration two
hours after the glucose loading was 7-8 to 11 1 mmol/l.
The body mass index (kg/m2) of each subject was

calculated. Obesity was defined as a body mass index
>25 kg/M2 in women and >27 kg/m2 in men. Family
histories ofdiabetes were ascertained by questionnaire.
They were taken as positive only if there was a history
of drug treatment for diabetes. Family income was
grouped as <500, 501-1000, 1001-1500, 1501-2500,
and >2500 rupees a month.
The plasma glucose concentration was estimated by

the orthotoluidine method9 and serum cholesterol
concentration by the method of Wybenga et al.'°
Samples were sent to the Diabetes Research Centre,
Madras, three times during the study for counter-
checking of the plasma glucose and cholesterol concen-
trations; the coefficient of variation between the two
laboratories was 4-8%.
The X2 test and Fisher's test were used for univariate

analysis. The prevalence adjusted for the age distri-
butions seen in other studies was calculated by the
direct standardisation method." Analyses of variance
were used to determine the effect of sex, age, body
mass index, and income and the interaction of these
factors on the plasma glucose concentrations after
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TABLE i-Prevalence of diabetes and impaired glucose tolerance by age in adults in a township in south India

Men Women

No (%) with No (%) with Total with
No (%) with impaired No (%) with impaired abnormal

diabetes found No known to glucose diabetes on No known to glucose glucose
Age (years) No tested on testing have diabetes tolerance No tested testing have diabetes tolerance tolerance (%)

20-24 46 86 1 (1) 1/132 (1)
25-34 134 3 (2) 1 3 (2) 150 3 (2) 2 2 (1) 11/284 (4)
35-44 118 7 (6) 3 3 (3) 67 4 (6) 2 2 (3) 16/185 (9)
45-54 35 7 (20) 2 1 (3) 18 3 (17) 1 1 (6) 12/53 (23)
55-64 9 2(22) 1 1 (11) 8 3(38) 1 1 (13) 7,'17(41)
-65 4 1 (25) 3 1 (33) 2/7 (29)

Total 346 20(6) 7 8(2-3) 332 14(4) 6 7(2) 49/678 (7)

two hours and the serum cholesterol concentrations.
Multiple regression analysis was done separately in
men and women to assess the effects of age, body mass
index, and income on the glucose concentrations after
two hours and cholesterol concentrations. The data
were stored and processed by a BPL Sanyo MBC 885
computer. The study was carried out during 1985 and
took six months to complete.

Results
Of the 3314 subjects registered at the hospital who

were were aged 20 and above, 1676 were men and 1638
were women; 678 (346 men and 332 women) were
tested for diabetes (table I). Diabetes was present in 34
(5%; 20 men and 14 women) and impaired glucose
tolerance in 15 (2%, eight men and seven women).
Thus a total of 49 (7%) had abnormal glucose toler-
ance. Thirteen of those with diabetes were receiving
treatment. All diabetic patients had non-insulin
dependent diabetes. The crude prevalence of diabetes
was higher in men (6%) than women (4%). Analysis of
variance showed that the prevalence in either sex did
not vary significantly. The women, however, had a
younger age distribution, and the prevalence increased
to 7% in the women when it was adjusted to the age
distribution of the men. Diabetes occurred in 2%
(10/499) of the population aged under 40 and in 21%

TABLE ii-Relation ofplasma glucose and serum cholesterol concentrations two hours after glucose loading
to several vanrables (analysis ofvariance)

Glucose Cholesterol

df F ratio p Value df F ratio p Value

Sex 1 2 23 NS 1 2 23 NS
Age 5 348 <001 5 176 NS
Body mass index 2 6 27 <0 05 2 4-73 <0 01
Income 2 3 53 <0 05 2 2-37 NS
Glucose at 2 hours 2 5 23 <0 01
Sexxage 5 1-98 NS 5 1-76 NS
Sexxbody mass index 2 423 <005 2 2 13 NS
Sexxincome 2 2 32 NS 2 1-96 NS
Sexxglucose at 2 hours 2 2-43 NS
Agexbodymassindex 10 2 46 <0 01 10 1 64 NS
Agexincome 10 2-84 <0 01 10 1 57 NS
Age x glucose at 2 hours 10 1 46 NS
Bodymassindexxincome 4 3-16 <0 05 4 1 98 NS
Body mass index x glucose at

2 hours 4 2-02 NS
Incomex glucose at 2 hours 4 2 14 NS

(37/179) aged 40 and above. The peak prevalence was
in the group aged 55-64. Analysis of variance showed
that the glucose concentration at two hours was
significantly related to age (p<0-01; table II); multiple
regression analysis showed that this was true in both
men and women (p<0 01; table III).
As our population was younger than most migrant

Indian groups we adjusted the prevalence to the age
distribution of the populations in two other studies-
namely, Southall in England (by the 1980 censuss) and
Indians who had migrated to urban areas of Fiji.2
When adjusted to the age distribution in Southall the
prevalence was 10% (compared with 2-2% in that
study), and when adjusted to the age distribution in
Fiji it was 9% (compared with 13%).
A family history of diabetes was present in 16 (47%)

of the diabetics (x2=24-7, p<0 001) and nine (60%)
of those with impaired glucose tolerance (p<0-001,
Fisher's test) compared with 87 (14%) of the subjects
who did not have diabetes. Thus 51% of those with
abnormal glucose tolerance had a family history of
diabetes.

Obesity was more common in women (89/332 (27%)
than men (18/344) (5%)) (X2=56-45, p<0-001). Nine
(26%) of the 34 diabetics were obese. Of the 18 obese
men, one (6%) had diabetes and one impaired glucose
tolerance, whereas of the 89 obese women, eight (9%)
had diabetes and six (7%) impaired glucose tolerance.
Diabetes was significantly related to obesity in the
women but not the men (p<0-001, Fisher's test); eight
of the 14 diabetic women compared with only one of
the 20 diabetic men were obese. Multiple regression
analysis showed that body mass index was significantly
correlated with the glucose concentration at two hours
in both men and women (table III), and analysis of
variance that the glucose concentration at two hours
was significantly related to body mass index, sex and
body mass index, age and body mass index, and body
mass index and income (table II).
The mean income of the subjects tested was 1550

rupees per month. Diabetes and impaired glucose
tolerance were more prevalent in the 208 subjects with
a monthly income over 1500 rupees; 16 (8%) were
diabetic compared with 18 (4%) of the 470 subjects
with a monthly income below 1500 rupees, and eight
(4%) had impaired glucose tolerance compared with
7 (15%) in the lower income group. The glucose

TABLE III-Multiple linear regression analysis relating glucose concentrations at two hours and cholesterol concentration to age, body mass index, and income

Glucose at 2 hours Serum cholesterol

Men Women Men Women

Regression Regression Regression Regression
coefficient coefficient coefficient coefficient

(B) t Value p Value (B) t Value p Value (B) t Value p Value (B) i Value p Value

Age 1 447 2-66 <0 01 1 49 2 64 <0-01 0 242 0-184 NS 0-36 0 75 NS
Bodymassindex 3-608 3 56 <0 001 2 12 3 29 <0 001 2-45 2 71 <0 01 0 95 2-38 <0 02
Income 2 0013 4 91 <0 001 1 5 4-57 <0 001 0 003 0 183 NS 0 002 0 35 NS
Glucose at 2 hours 2 14 391 <0001 1[17 2-49 <0-02
Multiple correlation R2=0 2225 R'=0 3991 R2=0 2717 R2=0-2579

(P<O-Ol) (p<0 01) (p<0.01) (p<O01)
B,,=-46 57 B,,=36 11 B,,=-102 22 B,,=101 274
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TABLE iv-Serum cholesterol concentrations (mrnol 1) accordintg to glucose toleralnce

Normal glucose toleraice I)iabetic Impaired glucose tolerance

Mean (SD) No ot Mean SI No of Mean (SD) No of
Age (years) cholesterol sUbjects cholesterol subjects cholesterol subjects

20-24 3 7 717 130 4-5 1
25-34 40t06) 267 48 (151 6 39 (05) 5
35-44 4-41081 168 4 5 071 11 4-9 (0 4! 5
45-54 4 61 1 0! 43 4 9 1 7 10 5 0(0-9 2
55-64 4- 7 J0 15 501hI 5 5 41 5' 2

a65 4-1(lq031 6 52 Il 2

concentration at two hours was related to income
(p<0-001; table III) on multiple regression testing and
to income, age and income, and body mass index and
income but not to sex and income (table II) on analysis
of variance.
Of the 21 newly detected diabetics, 18 had fasting

glucose concentrations and glucose concentrations two
hours after a glucose load above 11 1 mmol/l. The
mean cholesterol concentration was higher in the
diabetics (10 7 (SD 2-3) mmol/l) and those with
impaired glucose tolerance (10 6 (2 3) mmol/l) than in
the others (8 5 (1 2) mmol/l). No significant difference
was found, however, when the mean cholesterol con-
centration in subjects with diabetes and with impaired
glucose tolerance was compared with the correspond-
ing values in subjects with normal glucose tolerance in
each decade (table IV). Both analysis of variance and
multiple regression showed that cholesterol concen-
trations were significantly related to body mass index
and the glucose concentration at two hours but that age
and income had no significant influence (tables II and
III).

Discussion
We found a much higher prevalence of diabetes

among Indians living in India than did a multicentre
study done in 1975 by the Indian Council of Medical
Research, which found an overall prevalence of 1 8%
in the population aged over 15 and a higher rate in
urban than rural areas (2 1% v 1-5%). In that study
diabetes was diagnosed when the fasting blood glucose
concentration was 5 6 mmol/l, the concentration one
hour after a 75 g glucose load was >7-8 mmol/l, and the
concentration two hours after was >6-7 mmol/l. Even
with these values, which are lower than ours, the
prevalence of diabetes was low, ranging from 0-9%
(Delhi) to 3 7% (Ahmedabad). Our study was done 15
years later in an urban population in south India
and used modern diagnostic criteria." Our overall
prevalence of 5% is comparable with that reported in
migrant Indian populations in other parts of the
world.' The increase in the prevalence may be
due to improved nutritional state, urbanisation, and
increased life expectancy, as Hoskins et al observed in a
study of risk factors for diabetes in Fiji. A study from
Singapore also showed a sharp increase in the preva-
lence of diabetes in Chinese, Malays, and Indians."
The prevalence was highest among Indians in 1975 and
also in 1985.
The Darya Ganj survey, a house to house survey of

known diabetics in a suburb ofNew Delhi, reported on
overall crude prevalence of 3 1%; none of the diabetics
was aged under 30. A recent survey of known diabetes
in Southall, London, showed that its prevalence was
2 2% in migrant Indians and 1 2% in Europeans.' Both
the Darya Ganj and the Southall studies surveyed large
populations but did not actually test for diabetes.
Studies based on known diabetics underestimate the
true prevalence of the disease. Furthermore, the
respondents in these surveys were of north Indian
origin, being mainly Punjabis. Few data exist on the
prevalence of diabetes among populations from south
India.

The Darya Ganj survey was of an affluent population
(mean monthly income 2500 rupees, whereas the mean
monthly income in our population was 1500 rupees).
Only 46 (7%) people in our study had an income over
2500 rupees per month; the prevalence of diabetes
among them was 17%. The effect of income was
confounded by age and body mass index.
The high prevalence of diabetes in urban Indians

found in our study and in the survey from Darya Ganj
is notable in the light of the reports ofa high prevalence
among migrant Indian populations living outside
India.' The Southall survey found no difference in
adiposity between Indians and Europeans and no
factor that might explain the high prevalence. When
the prevalence in our study was adjusted to the age
distributions of the Indians in the Southall study and
the study in urban Fiji it increased further (to 10% and
9% respectively). Comparison with the population in
Fiji is more appropriate as the subjects were tested for
diabetes; the prevalence in Fijian Indians was 13 2%.

Diabetes was more prevalent in men than women,
the ratio being I 3: 1 for diabetes and I 1: 1 for impaired
glucose tolerance. Analysis of variance, however, did
not show a significant difference. Previous studies have
reported a higher prevalence in Indian men.6 14 , When
adjustment was made for the younger age of the women
in our study the prevalence of diabetes was higher
among women. Only one previous report, from South
Africa, has shown a higher prevalence of diabetes
among women than men.'6

Obesity is an important risk factor in diabetes, and
in the Western world most patients with diabetes are
obese.' Obesity is not common in Indian diabetics.'9
In our study only a quarter of the diabetics were obese,
but obesity was more common in women. Univariate
analysis showed that diabetes was significantly more
common in obese women but not in obese men.

All the patients in our study had non-insulin
dependent diabetes. The prevalence of insulin
dependent diabetes is believed to be low in Indians.'4

'Impaired glucose tolerance was found in 2% of the
population we tested. In a previous follow up study
one third of Indians with impaired glucose tolerance
developed diabetes (mean follow up period four
years).'6 Half of our subjects with abnormal glucose
tolerance had a family history of diabetes. We have
previously reported a high degree of familial aggre-
gation among Indian diabetics and a high prevalence of
diabetes among children who had one or two diabetic
parents.'9 2' Hoskins et al also found that a family
history of diabetes was a risk factor for diabetes in
Melanesians and Indians living in Fiji. 12

In conclusion, we found that the prevalence of
diabetes is high among Indians living in an urban area
of India and is comparable with the prevalence in
migrant Indian populations living outside India.
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Abstract
In most boys referred for circumcision preputial
adhesions are the only problem, but these can
predispose to recurrent balanitis. A simple technique
using Emla cream (eutectic mixture of lignocaine
and prilocaine) has been devised which allows the
adhesions to be separated painlessly in the out-
patient clinic. The technique was used on 39 boys
aged 2 to 12 years referred for circumcision, none of
whom had a retractable foreskin. The cream was
applied under an occlusive dressing and left for 60
minutes before the adhesions were separated with a
probe and a gauze swab. The procedure was
completely pain free in 32 boys. One boy had to
undergo a repeated procedure because he failed to
foliow the advice regularly to retract his foreskin in
the three weeks after the procedure. Only one boy
had to undergo circumcision later because of fibrous
phimosis.

In many boys referred for circumcision separation
of preputial adhesions is ali that is needed, and the
use of this local anaesthetic technique avoids the
need for general anaesthesia.

Introduction
Non-retractability of the foreskin has has been a

common pretext for circumcision. A non-retractable
prepuce is not, however, synonymous with phimosis
and it should not be used as an excuse for "lopping off
an innocent and useful appendage."' It has been
claimed that the difference between intercourse with
a circumcised and an uncircumcised penis is "the
difference between slipping the foot into a sock that has
been rolled up and one that is held open at the top."2
Bokai, in 1860, was the first to draw attention to the
physiological adherence of the foreskin.3

In 1927 Hamilton and Middleton reported from this
hospital an investigation into phimosis and dysuria in
infancy and concluded that circumcision was carried
out too frequently.4 In many cases separation of
adhesions is all that is required. Deibert showed in
1933 that separation of the prepuce in the human penis
is due to keratinisation ofthe subpreputial epithelium,'
a process not complete at birth but accomplished

during early childhood.' Apart from religious or tribal
reasons there are few indications for circumcision, and
its incidence is declining. A fibrous phimosis with
scarring undoubtedly necessitates surgery, even in
other species." Balanitis, however, is often quoted as an
indication for circumcision,"" in my opinion wrongly.

In cases of recurrent balanitis with a non-retractable
foreskin separation of adhesions and subsequent pre-
putial hygiene will prevent further attacks without the
necessity of circumcision, which may itself predispose
to meatitis and possible meatal stenosis. ' Preputial
adhesions have commonly been separated under
general anaesthetic, ' since separation in the outpatient
department is traumatic to the child, even with the use
of 5% lignocaine cream.'" The introduction of Emla
cream (eutectic mixture of local anaesthetics; Astra
Pharmaceuticals), however, led me to investigate its
value in allowing painless separation of preputial
adhesions.

Patients and methods
Emla is a formula of lignocaine and prilocaine

designed to alleviate the pain of venepuncture. "

Unlike previously available topical preparations, it
penetrates intact skin to produce intradermal anaes-
thesia. It not only reduces the pain of venepuncture in
children but also makes the procedure easier.'` It has
been evaluated in a variety of other indications,
in particular split skin grafting and minor skin
operations." It must be applied under an occlusive
dressing at least 60 minutes before the procedure.
The procedure is as follows. The child first empties

his bladder. He then lies on a couch with his parent at
the head end for reassurance. The boy is told that some
"magic cream" is going to be applied to his penis and
warned that it may feel cold. The foreskin is drawn
forward over the small open end of the tube of cream
and held closely applied with one hand, while the other
squeezes a generous quantity (at least half the tube)
under the foreskin. The foreskin is then held firmly
between thumb and forefinger to prevent any cream
from escaping. Any excess is carefully removed with a
gauze swab, and a 3 M Tegaderm dressing (supplied
with the cream) is applied, the printed paper having
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